Introduction
According to theoretical models of portfolio rebalancing, global investors allocate their portfolio by balancing the expected risk and return of assets across international markets. When price shocks cause the portfolio weights to deviate from their optimal risk-return maximizing values, investors rebalance their portfolios. This portfolio rebalancing -also labeled negative feedback trading or contrarian investment -induces stabilizing dynamics. As an example, consider a random shock associated with an exchange rate appreciation in some foreign country. Assuming global investors' exchange rate exposure is not perfectly hedged, this shock increases the portfolio share of that country's equities above its desired level. 1 To restore the optimal risk-return tradeoff, investors sell equities from the respective foreign equity market. These asset sales trigger equity outflows that mitigate the initial currency appreciation.
A large empirical literature establishes that portfolio rebalancing is important in practice. 2 Curcuru et al. (2011) find that international U.S. equity investment exhibits partial rebalancing, as investors sell stocks that have recently performed well. Hau and Rey (2004) impose the sign restrictions implied by portfolio rebalancing in a structural VAR of equity flows, equity returns and exchange rate returns and find that the dynamics of equity flows between the United States and four advanced economies are consistent with rebalancing. Hau and Rey (2006) develop an equilibrium model of rebalancing and find that the model's predictions are supported by the data.
Portfolio managers rebalance either periodically (i.e., monthly or quarterly) or in response to major events, such as currency crises or stock market crashes, in which pre-established parameter thresholds are breached. These two strategies for re-assessing the risk-return tradeoff for portfolios suggest that the aggregate response of capital flows to price shocks may strongly differ between high and low financial stress periods. Although the international finance literature on portfolio rebalancing typically assumes that the response of portfolio equity flows to asset price shocks is time invariant and that it exhibits stabilizing behavior, there is considerable evidence that shortterm-oriented equity outflows, including portfolio equity flows, are subject to sudden reversals, with foreign investments repatriated during periods of high financial stress. The dynamics of equity flows in response to financial crises are frequently viewed to be destabilizing. The extreme case of sudden 1 International risk sharing requires a portfolio share in line with the world market portfolio. However, for home investors, foreign currency investments are associated with exchange rate risk. If markets are incomplete, such that exchange rate risk cannot be fully eliminated, this induces home bias in portfolios and rebalancing in response to exchange rate shocks.
2 Large institutional investors, such as the Norwegian oil fund (see Ang et al. 2014 ), rebalance their portfolio following valuation changes towards pre-decided weights. Rau (2009) finds evidence of partial rebalancing among small-and medium-sized defined benefit pension plans. Blake et al. (1999) document that the portfolio weights of UK pension funds exhibit slow mean reversion towards the strategic asset allocation, while Bikker et al. (2010) and De Haan and Kakes (2011) find that Dutch pension funds and insurance companies tend to be contrarian traders. Evidence against rebalancing is provided by Radatz and Schmukler (2012) . They find that investors pull out of mutual funds in times of stress, and in turn, fund managers move out of stressed countries. Thus, mutual funds act in a destabilizing way and transmit shocks.
stops, a sharp slowdown in private capital inflows into emerging market economies, frequently threatens a country's financial system and results in a deterioration in output and an exchange rate depreciation. 3 In this paper, we examine whether the dynamics of international equity flows induced by portfolio rebalancing are time varying. We extend the structural VAR framework used in Hau and Rey (2004) , identified using sign restrictions, by allowing time-varying dynamics. To do so, we embed a two-state Markov regime-switching model into the structural VAR. Allowing time-varying behavior in this way introduces greater realism to a shock process driven by events such as global financial crises. The model is estimated by using monthly data on equity returns, exchange rate returns and equity flows between the United States and a set of advanced and emerging economies.
Our results provide insights on the following questions that are highly relevant to policymakers considering financial stability issues linked to international capital flows in different environments of uncertainty: Do the stabilizing dynamics of portfolio rebalancing differ between high and low levels of financial stress? How does the response of equity flows to asset price shocks differ between emerging market economies and advanced countries? To the best of our knowledge, this paper is the first to consider how equity flows respond to price shocks in a regime-dependent setting.
We find that the dynamics of equity returns, exchange rate returns and equity flows between the United States and emerging markets are consistent with portfolio rebalancing. 4 The timing of switches between the two states matches periods of low and high financial stress, with periods of high stress corresponding to a Markov state with low persistence. Our main empirical result is that for equity flows between the United States and emerging markets, the dynamics induced by rebalancing differ between high and low financial stress episodes. A switch from the low to the high stress regime is associated with capital outflows from emerging markets. Once in the high stress regime, the response of capital flows to exchange rate shocks is smaller than in normal, low stress periods. These empirical findings accord well with the IMF's policy prescription, see Ostry et al. (2011) and Ostry et al. (2010) , that emerging market economies may need to impose capital controls or other policy instruments to safeguard their financial system from sudden surges in capital inflows. In contrast to our results for emerging market economies, we find little difference in the dynamics between low and high stress periods for capital flows between the United States and advanced economies.
The empirical results contribute to several strands of the international finance literature. First, the empirical finding that the dynamics induced by portfolio rebalancing are interrupted by switches 4 Following Hau and Rey (2004), our identification structure imposes sign restrictions on the contemporaneous impulse responses that are implied by theoretical models of portfolio rebalancing. The data are consistent with portfolio rebalancing in the sense that we are able to find impulse responses that satisfy the identification restrictions. If portfolio rebalancing did not adequately describe the data, then we would either not find any responses satisfying the restrictions or find that the impulse responses show up with all values very close to zero. between high and low stress regimes for emerging market economies fits the stylized facts reported in the literature on capital flow reversals. Forbes and Warnock (2012), Reinhart and Reinhart (2009), Hutchison and Noy (2006) and others argue that capital inflows to emerging market economies are subject to sudden stops during financial crises. Second, our empirical finding that the dynamics of portfolio rebalancing are muted during periods of high financial stress is also consistent with the liquidity pull-back hypothesis of Fecht and Gruber (2012) and Nyborg and Ostberg (2014) .
These studies emphasize the view that investors seek to reduce their exposure to equity in times of stress. Investors have a clear preference for liquid and safe assets during periods of high financial uncertainty. Third, the empirical patterns of international equity returns, equity portfolio flows, and exchange rate returns shown in Hau and Rey (2004) have motivated other studies to consider the dynamics of alternative assets and capital flows. For example, Gyntelberg et al. (2014) use daily data on FX transactions and equity flows for Thailand to provide evidence that portfolio rebalancing is an important determinant of exchange rates. Using the same empirical approach as Hau and Rey (2004) and data on equity portfolio flows into emerging market-dedicated mutual funds, Ehlers and Takáts (2013) similarly find evidence in favor of portfolio rebalancing for equity investment in emerging markets. Breedon and Vitale (2010) find that order flow is correlated with exchange rate movements and that this effect is mainly due to portfolio balance rather than information effects.
However, these studies do not consider the possibility that the dynamics of these financial variables may change when financial uncertainty is high.
The remainder of this paper is organized as follows. Section 2 presents the theoretical explanation for why portfolio rebalancing dynamics may vary between low and high financial stress periods. Section 3 presents the structural VAR model with two-state Markov switching and the identification strategy. Section 4 discusses the data and reports their statistical properties. Section 5 presents the main results in the form of impulse responses. Section 6 discusses several robustness checks. Section 7 concludes.
Theoretical motivation
In this section, we argue that the dynamics of capital flows, exchange rates and equity returns are likely to change in periods of high financial stress. First, standard asset pricing models suggest that the response of capital flows to returns induced by portfolio rebalancing is smaller in periods of financial stress. Second, the effect of a given capital flow on returns is likely to increase in times of stress.
Time variation in the response of capital flows to price shocks
We begin by using a standard mean-variance model of portfolio choice, as considered, for example, in Bohn and Tesar (1996) , to explain time variation in portfolio rebalancing. A representative 7 investor chooses a portfolio of risky assets to maximize
 , where x t is the vector of portfolio shares of risky assets and α is the coefficient of relative risk
where R f t+1 is the return on a risk-free asset and R t+1 is a vector whose kth entry is the excess return on risky asset k, R kt . The mean and variance of the portfolio return (conditional on the investor's information set) are
The first-order condition of the maximization problem gives
The share of wealth invested in asset k, x kt is then given by
where e k is a vector containing 1 in the kth position and zeros otherwise.
The investor's wealth evolves according to
If the investor chose to hold a share of x kt−1 of his wealth in security k at the beginning of period t − 1, his holdings of that security before re-adjusting his portfolio in t are
Therefore, by definition, the investor's net purchases of security k, NP kt are equal to
In the second line, we have approximated x kt ≈ x kt−1 in the first term on the right-hand side, following Bohn and Tesar (1996) . The first term in (2) represents portfolio rebalancing: if the return of security k falls below the return of the market portfolio, the investor purchases that security to maintain constant portfolio shares. The second term represents asset purchases due to changes in the investor's desired portfolio shares. Now, consider a situation of financial stress or heightened uncertainty captured in the model by some combination of higher risk aversion (increase in α), lower expected return on security k (fall inμ kt ), and higher variance of asset k's return (increase in σ kt , the k,k entry in Σ t ). From (1), any of these changes will lower the optimal portfolio share of security k. 5 Consequently, a regime switch from an environment of low to an environment of high financial stress is associated with net sales of security k or, in an international context, with a capital flow out of region k. In the empirical results below, we will interpret the impulse responses of capital flows between the United
States and emerging markets to a regime switch as reflecting changes in investors' desired portfolio shares.
Once the portfolio share has been adjusted and barring further changes in the desired portfolio share, the response of net purchases NP kt to returns that is due to portfolio rebalancing decreases.
To see this, note that from (2), we have
so that the magnitude of the flow is decreasing in investors' position in security k. This is intuitive.
With a lower portfolio share, a given shock has a smaller effect on the amount of wealth invested in security k, and hence, lower asset sales or purchases are required to rebalance the portfolio. The onset of a period of financial stress initially leads to capital flows out of risky assets, and while financial stress remains elevated, the stabilizing effect of portfolio rebalancing is dampened.
Time variation in the price effects of capital flows
Next, consider the effect of a capital flow shock to exchange rates and equity prices. In many models, no capital flows are required to move prices, which instantly adjust to their new equilibrium level in response to news. In practice, empirical work has documented that capital flows do have an effect on exchange rates (see, for example, Hau et al. 2010) .
One model that allows us to think about this effect is that of Gabaix and Maggiori (2015) .
In this model, representative households in two countries can buy and sell foreign bonds only through financial intermediaries. These intermediaries face balance sheet constraints that limit their risk taking. The key parameter in the model, Γ, captures the risk-bearing capacity of financial intermediaries. A higher value of Γ means that intermediaries are less able or willing to take on balance sheet risks. Therefore, when Γ increases, intermediaries have to be compensated for taking on risk through a higher expected return, and hence, capital flows are associated with a greater effect on prices. 6 Periods of financial stress can be thought of as periods when intermediaries' risk bearing capacity is low. It follows that a given capital flow should have a greater effect on exchange rates (and on equity prices, if equity can also be traded only via financial intermediaries) in periods of high financial stress.
A further reason why the effect of capital flows on returns is expected to be higher in times of financial stress is that risky assets are likely to become less liquid in such periods.
Empirical framework
This section discusses the empirical strategy in two subsections. The first subsection presents the time-varying framework and the motivation for using a Markov-switching VAR approach. The second subsection discusses the identification strategy to understand the dynamics of portfolio rebalancing.
Estimating changes in parameters
To analyze whether the time-varying relationship between equity flows, equity returns, and exchange rate returns in periods of high and low financial stress, we estimate a Markov-switching VAR (MSVAR). In this empirical setup, both the coefficients and the variances are allowed to switch between regimes. The objective is to identify specific periods in which the variables respond to different shocks. The MSVAR approach is preferred over models that allow for gradual changes in Formally, the structural MSVAR with p lags can be written as:
where y t is a 3 × 1 vector containing the equity excess return, the exchange rate return, and the standardized net equity flows at time t and A k,s are 3 × 3 coefficient matrices. The structural shock vector (which is normalized to follow the standard normal distribution),  t , is 3 × 1, and the constant for each equation, c s , is 3 × 1. The subscript s ∈ {1, 2} indicates two regimes. The regime evolves according to a hidden Markov-switching process with an unrestricted transition matrix Q.
Because sign restrictions are used as the identification scheme, we need to draw from the posterior distribution of the coefficients ; thus, we use Bayesian methods to estimate the reduced form model:
where B s is a 3 × (3p + 1) matrix containing the reduced form coefficients for each equation ordered by their lags. X t is a (3p + 1) × 1 vector with the lagged variables and a 3 × 1 vector of ones stacked on top of each other.
To draw from the posterior distribution, two sets of priors need to be defined. 7 For the VAR parameters, we use priors as proposed by Sims and Zha (1998) . By setting the hyperparameter λ 0 = 1 and by using an inverse Wishart prior for the reduced form covariance matrix Σ s = (A
0,s )  , we assume prior independence across structural equations and thus do not impose any prior on A 0 . 8 Because the variables are assumed to be stationary, we set the priors on drifts or forecasts to zero (µ 5 = µ 6 = 0) and choose the hyperparameter λ 4 = 0.1. This reflects the belief that the constants should be close to zero. Following Sims and Zha (1998), we set the hyperparameter for the lag decay to λ 3 = 1. Finally, we set the hyperparameter λ 1 = 0.5, which is the hyperparameter governing the tightness of the prior on the AR (1) the maximum for the posterior log likelihood is found, with the parameters in the other blocks held constant. 7 These calculations have been performed using the R-package "MSBVAR", which is maintained by Patrick Brandt. 8 See example 5.1 in Sims and Zha (1998). 9 In the notation of Sims, Waggoner and Zha (2008), we use α11 = 5 and α22 = α12 = α21 = 2. 
Identification and generalized impulse responses
The structural matrix A 0,k is identified using sign restrictions on the contemporaneous effect of shocks. These restrictions are shown in Table 1 . The restrictions follow Hau and Rey (2004) and are based on the portfolio rebalancing theory and thus particularly on the assumption that investors do not fully hedge their FX portfolio risk. The sign restrictions rest on three hypotheses, which correspond to the three columns in Table 1 . First, because of incomplete hedging, a positive equity return differential shock leaves investors heavily exposed to foreign currency. Portfolio rebalancing then implies that investors sell their foreign equity and invest in U.S. stocks, thus generating equity flows to the United States and U.S. dollar (USD) appreciation. Second, USD appreciation leaves investors with too much exposure to U.S. currency (again, we assume incomplete hedging). Investors then rebalance their portfolio by selling U.S. equity and moving capital to the foreign market, thereby generating an equity outflow from the United States and lowering U.S. equity returns.
Third, a positive equity flow shock, corresponding to an equity outflow from the United States, directly affects exchange rates and equity markets. As capital is moving into foreign equity markets, the demand for foreign currency and foreign equity increases, which results in USD depreciation and increasing foreign equity returns.
Assuming the system is in state s, the k-period ahead generalized impulse responses of variable i to a shock to variable j are computed as the difference in the conditional expectations with and without a structural shock:
where  j,t is the structural shock vector, with the jth row being the only non-zero element and equal to one. By using generalized impulse responses, we account for the fact that high stress periods are likely to be short lived. When a state lasts only for one or two months at a time, using impulse responses conditional on staying in a given regime, as Ehrmann et al. (2003) suggest, would be misleading. This is because the probability of staying in the short-lived regime is extremely small (Krolzig, 2006) . Further details on the computation of generalized impulse responses are provided in Appendix A.
The identification through sign restrictions is performed using the procedure proposed by RubioRamírez et al. (2010), as implemented by Baumeister and Peersman (2013) . Let R be a diagonal matrix whose elements are normalized to be positive and Q be a rotation matrix from the QR decomposition of a 3 × 3 matrix drawn from the standard normal distribution. Further, let
be the eigenvalue-eigenvector decomposition of the covariance matrix Σ k∈{S,T } drawn from the marginal posterior distribution of regime or period k. Then, the matrix of the contemporaneous effect for regime or period k can be calculated as follows:
Because the matrix of the contemporaneous effect corresponds to the impulse response on the contemporaneous effect of the shock, the elements need to be in line with our sign restrictions.
Given a draw for the covariance matrix, we generate rotations Q until we have found 200 that lead to the matrix of the contemporaneous effect satisfying our sign restrictions. Then, the mean is calculated across the rotations. This procedure is performed for 1000 draws of the covariance matrix for each regime of period k ∈ {S, T }. This generates the posterior distribution of impulse responses shown in our results.
To characterize the states, we also present how the variables respond to a regime switch. Similar to the generalized impulse responses, we define the response of variable i to a switch from regime s to regime h in period t as:
In a model with two states, this definition implies that the response to switching from regime s to regime h is the negative value of a switch in the other direction. The response to regime switches depends not on the structural identification and only on the reduced-form coefficients. Consequently, it can be calculated directly by drawing from the posterior distribution of the reduced-form coefficients. As shown in Appendix B, the response to a regime switch depends on the variables' values in t. We therefore calculate the response at every observation in the sample and take the mean over the calculated responses separately for each draw. This procedure is repeated for 10'000 draws, which generates the posterior distribution of responses shown in our results.
We use monthly country-level data for equity returns, foreign exchange rate returns, and equity flows for the period from January 1995 to December 2015. We aggregate the data for two sets of countries: 19 advanced and 14 emerging market economies. Portfolio rebalancing in our setup constitutes portfolio adjustment between the United States and groups of investment assets in advanced and emerging market economies. Our choice of countries is based on the size of equity flows with a minimum 1% threshold for each country group. A complete list of the countries included in the two samples is provided in Table 3 in Appendix C.
As in Hau and Rex (2004) , the data on international equity flows are from the U.S. Department of the Treasury (TIC data). These data measure bilateral flows between the United States and various countries. 10 Net equity flows are defined as net purchases of foreign stocks by U.S. residents minus net purchases of U.S. stocks by foreign residents. 11 Positive net equity flows thus correspond to outflows from the U.S. perspective. Equity flows have strongly increased during the sample period. We therefore follow Hau and Rey (2004) and standardize monthly net equity flows with the total monthly flows after aggregating the flows within the two samples for advanced and emerging market economies. The transformed equity flows are multiplied by 100 and are thus bounded between -100 and 100.
Equity and exchange rate data are from Datastream. 12 The equity return differential is calculated as the difference between the MSCI index local currency returns of the foreign country and the United States, where returns are calculated using log differences of the end-of-month index values. 13 Positive monthly excess equity returns imply that foreign equities outperform U.S. equities.
A positive exchange rate return corresponds to a USD appreciation and is calculated as the log difference of the end-of-month nominal exchange rates expressed in USD.
To aggregate equity and exchange rate returns within the two country samples, we weight them by the countries' contributions to total flows in the specific month. Formally, the weight for each country i in month t for sample S is:
where T F i,t represents the total equity flows between country i and the United States in period t.
Aggregating the data has several advantages. First, the custodian and transaction biases in the TIC data mentioned by various authors (e.g., Griever et al. (2001)) are irrelevant for advanced economies 10 Griever et al. (2001) provide an extensive overview on the TIC data. The data can be downloaded on the website of the U.S. Department of the Treasury.
11 Following Hau and Rey (2004) and subsequent papers, we focus only on equity flows. Empirical work has mostly found that capital flows related to equity purchases, rather than bond purchases, are an important determinant of exchange rates (see, for example, Gyntelberg et al. (2015) ). 12 The respective tickers are provided in Table 3 in Appendix C. 13 End of month is defined as the last day of a month for which data are available. as a whole and are likely to be less severe for emerging market economies. Second, international equity flows from the United States to these country groups are more important for the groups' overall equity market, as compared with the flows to just a single country (which will also have flows to and from many countries besides the United States). Equity flows within the group do not matter because they affect both countries, therefore cancelling the overall equity effect for the group. Table 2 14 VIX data were downloaded from Datstream with the ticker CBOEVIX. 15 EMBI data were downloaded from Bloomberg with the ticker JPEGSOSD. 
EQ flow
Second, the depreciation of the USD against emerging market currencies during the Asian crisis, the global financial crisis, and the euro area sovereign debt crisis is visible. Third, as in Table 2 , the elevated variance in equity outflows to emerging market economies is visible in Figure 1 .
Results
The empirical results from the MSVAR model are presented in two subsections. The first subsection shows that the two states, which are identified endogenously by the model, can be interpreted as capturing periods of low and high financial stress. In particular, it is argued that switches to and from the second state match the sharp movements in popular risk measures, such as the VIX index. The second subsection reports the baseline findings that the dynamics of equity returns, exchange rate returns, and equity flows, which are consistent with portfolio rebalancing, are time varying for emerging market economies, whereas the dynamics are found to be stable for advanced economies. The discussion highlights the differences in the dynamics of equity flows, equity returns, and exchange rate returns using generalized impulse responses for periods of high and low financial stress. Figure 2 shows how the posterior probability of being in the second state changes over time.
Identified regimes as periods of low and high financial stress
For the advanced economies (AE) sample, the second state exhibits little persistence and occurs infrequently. Throughout most of the AE sample, the system remains in the first state. For the emerging market economies (EME) sample, the second state also shows little persistence, but it arises more frequently than in the AE sample. There is some overlap between the estimates for the two states in the AE and EME samples: If advanced economies enter in the second state, emerging market economies also do, and many of the peaks in the EME sample coincide with peaks in the probability of the AE model.
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The observed pattern in Figure 2 for the AE and EME sample is in line with what would be expected of a system with periods of high and low financial stress. Periods of low financial stress prevail throughout most of the sample and are interrupted by a few episodes of non-persistent, high stress. However, the two states by themselves do not have any economic meaning, because they are endogenously determined in the Markov-switching model and only indicate that the variables behave differently in some periods. To offer an interpretation for the posterior state probabilities, the behaviors of the states are compared with movements in the VIX index (a measure of U.S. stock market volatility) and the EMBI index (a measure of the spread between bond yields in emerging 16 An exception is September 1998. The EME estimates enter the second state one month earlier than the AE estimates.
market economies and the United States). These indices are commonly used measures for financial market stress in advanced and emerging market economies, with peaks signaling periods of high financial stress. Figure 3 plots the VIX index and the EMBI index against period 2 episodes as estimated from the Markov-switching model. The light shaded areas indicate periods when the probability of being in the second state is larger than 0.5 in the EME sample. The dark shaded areas correspond to the same probability for the second state for the AE sample. The comparison shows that the states are well aligned with periods when financial stress indicators are high. For both the AE and EME sample, the model detects stress periods for the two major financial crises: (i) the Russian financial crisis starting in August 1998 and (ii) the global financial crisis starting in September 2008 with the Lehman Brothers' bankruptcy. An additional stress period is detected in both samples for May 2009. This is not a peak in the stress indicators ; rather, it is a month marked by an exceptional USD depreciation, as indicated by the negative peak in Figure 1 . In the EME sample, the model We interpret the evidence from Figures 2 and 3 such that the second state corresponds to periods of high financial stress. It is important to note that the non-persistent pattern in the posterior state probability of state two does not arise from our selected priors. In general, the Dirichlet prior governs how the states are drawn, and the choice of the Dirichlet prior can push the results towards more or less persistence in the states. However, the second state is less persistent than the applied prior implies, indicating that the posterior state probabilities are governed by the data and are not determined by the choice of priors. Furthermore, adjusting the Dirichlet prior so that the states are a priori symmetric and persistent does not change the results.
The two states are further characterized by how the variables respond to a regime change. Figure   4 reports how the three variables respond over time following a switch from state 1 to state 2. Notes: This figure compares the VIX and EMBI (Global Spread) indices, two measures of financial stress in advanced and emerging market economies, against the model-implied probability of being in the second state. The shaded areas are periods where the estimated probability of being in the second state is larger than 0.5.
In the AE sample, the response is close to zero, indicating that there may not be much difference between the two states. In the EME sample, there is a clear response when switching from state 1 to state 2. Expected emerging market excess equity returns over returns in the United States drop, whereas expected exchange rate returns increase by approximately 0.5% (a USD appreciation).
Furthermore, equity flows react negatively (a capital flow out of emerging market economies), and the 68% credible set of all these responses is non-zero. After a few periods, the responses are close to zero, as the state probabilities converge towards their long-run mean.
This last result provides further evidence that state 2 corresponds to high stress periods in the EME sample. The estimated responses show that switching to state 2 in a month implies that for this month, foreign equities underperform U.S. equities, that the USD appreciates, and that capital moves away from EMEs to the United States. This is consistent with what we would expect during high stress periods. In high stress periods, U.S. investors tend to move out of risky emerging market equities and repatriate capital back home. This lowers equity prices in EMEs and puts pressure on their exchange rates.
Impulse responses for periods of low and high financial stress
The signs of the impulse responses to the three shocks satisfy by construction the restrictions defined in Table 1 . After the contemporaneous effect to the shock, impulse responses with a 12-month horizon can move in either direction. If the channels of portfolio rebalancing do not hold in periods of low or high financial stress, no impulse responses fitting the sign restrictions would be found. The full results for both samples presented in Appendix C, however, show that this is 18 Note that we are presenting the impulse responses to shocks normalized so that they correspond to a shock of one percentage point (e.g., equity excess returns increase from 4% to 5%). This makes it possible to compare impulse responses across the two states (recall that the shock standard deviations also change across states). To make the results comparable, Hau and Rey's (2004) impulse responses need to be adjusted so that the effect of a shock by itself is equal to one. Next, the discussion of the main findings from the Markov-switching model focuses on a subset of impulse responses and compares them across the two regime states. Panel (a) in Figure 5 shows how U.S. equity flows in the AE sample respond to a 1% shock to equity or foreign exchange rate returns. The first row shows the median and 68% credible bands, whereas the second row shows the complete distribution of the impulse response after 12 months across models that satisfy all sign restrictions. Note that the distribution of the net flow response to an equity return shock differs between states and that the median response in periods of stress (in the second state) is closer to zero. Because of the large overlap of the two distributions, however, no clear conclusion regarding whether portfolio rebalancing between the United States and other advanced economies changes in periods of high and low financial stress can be drawn. The time-varying evidence for advanced economies suggests that the dynamics for net equity flows, exchange rate returns, and equity returns are consistent with portfolio rebalancing in both high and low financial stress periods.
Panel (b) reports the same impulse responses for the EME sample. As in the AE sample, equity flows to and from emerging market economies are less sensitive to exchange rate and equity shocks in periods of high financial stress. There are, however, distinguishable differences between states in the posterior distribution of the impulse responses, and the median of the high stress state exceeds the 68% credible set of the low stress state. This statistical difference in the equity flow responses provides strong evidence that in periods of high financial stress, the dynamics consistent with portfolio rebalancing generate smaller equity flows. This empirical result accords with the theoretical discussion in section 2. In periods of high financial stress, investors seek to reduce their equity exposure and hold a large share of their portfolio in less risky investments. The dynamics of portfolio rebalancing generate smaller equity flows in response to equity and exchange rate shocks.
The level of portfolio adjustments in terms of rebalancing across asset classes cannot be measured with our specification. However, because the data for equity flows are based on purchases and sales of equities, equity flow shocks indicate shifts to and from equities.
Note that the scales in Figure 5 differ for the AE and EME results. If these results were plotted on the same scale, one would hardly see the difference in impulse responses for states 1 and 2 in the AE case. It would then become even more clear that the dynamics are quite stable across the two regimes for the AE sample but time varying for the EME sample.
Portfolio rebalancing tends to dampen the effect of adverse shocks ; thus, it could act as a stabilizing force even during crisis periods. Consider an emerging market crisis, which could be captured by adverse equity or currency return shocks in our empirical setting. Such adverse shocks would leave international investors holding too little (measured in USD) emerging market equity in their portfolios. This would prompt capital flows to emerging market economies, which would mitigate the initial shocks. Because the response of equity flows is observed to be much smaller in absolute value in the second state -which closely corresponds to periods of financial turmoil in emerging market economies -the stabilizing force of portfolio rebalancing is weaker in periods of high financial stress.
When comparing the magnitude of the impulse responses between advanced and emerging market economies, it is important to note that the standard deviations of price and flow shocks are much higher for the EME sample than for the AE sample. Therefore, a 1% shock, as shown in Figure   5 , is a "smaller shock" for emerging market economies than for advanced economies. Standardizing the impulse responses such that they represent the response to a shock of one standard deviation but are expressed in terms of standard deviations of the responding variables shows that flows are more sensitive to exchange rate shocks but equally sensitive to equity shocks in the EME sample compared with the AE sample. Figure 6 depicts how equity returns respond to a 1% shock in exchange rate returns and how exchange rate returns respond to a 1% shock in equity returns for the two samples. In the AE sample, Figure 6 : GIRFs of EQ (FX) returns to shocks in FX (EQ) returns reported in Panel (a), the difference in the median impulse responses is negligible, considering the disperse distributions. In contrast, Panel (b) shows that there are significant differences in the posterior distribution of responses of equity returns to a shock in exchange rate returns. The 68% credible sets of responses in the two states are distinct from each other, and the median response in the low stress state exceeds the median response in the high stress state. This statistical difference provides strong evidence that in periods of high stress, there is little transmission of exchange rate shocks to equity markets, which is in line with predictions from the theory of portfolio rebalancing.
As exchange rate shocks are transmitted to equity markets through portfolio rebalancing, it directly follows that weak portfolio rebalancing will also lead to a weak transmission. Figure 7 reports the impulse responses of equity and exchange rate returns to a shock to U.S. equity outflows. Panel (a) shows that in the AE sample, equity returns and exchange rate returns react similarly in periods of both high and low financial stress. The adjustment over time and the distribution of the responses after 12 months are comparable across the two states. Panel (b) shows only a small difference across states in the EME sample as well. Although the median response of equity returns to a flow shock is lower in the high stress state, it is still in the 68% credible set of Figure 7 : GIRFs of equity and exchange rate returns to equity flow shocks the normal state and provides no clear evidence whether equity returns react less to flow shocks in periods of high stress because of stronger liquidity constraints. For exchange rate returns, the slightly larger price effects of net flows in the "high stress" state 2 are consistent with the model of Gabaix and Maggiori (2015) , but the difference across states is not statistically significant.
Forecast error variance decompositions confirm the changing strength of portfolio rebalancing in the "high stress" state 2 of the model. 19 One observation from these decompositions is that in state 2, more of the forecast error variance of each variable is explained by shocks to that variable.
For example, for EMEs, EQ return shocks explain only 30% of equity return differentials in state 1, as opposed to 50% in state 2. In particular, for EMEs, the flow shocks explain a markedly lower fraction of the FX and EQ return forecast errors in state 2.
For EMEs, the share of EQ flow forecast error variance that is explained by FX shocks drops in state 2 compared with state 1, which is consistent with the above finding that the impulse responses of EQ flows to FX shocks are lower in state 2. In contrast, however, EQ return shocks explain more of the EQ flow variance in state 2 than in state 1, even though the corresponding impulse response of flows to EQ return shocks is lower in state 2. This implies that while the effect of a unit EQ return shock on flows is lower in state 2, the variance of such shocks is higher.
Robustness checks
We perform several robustness checks to confirm the baseline results from the previous section.
The robustness checks consider issues related to the choice of the weighting scheme, the setting of the priors, and the sample size. In each case, we find results that are in line with the findings from the baseline specification. Because of the similarity between the results from the baseline and the robustness checks, we discuss the outcomes of the robustness checks but do not reproduce the same graphs from the previous section.
Re-weighting the AE and EME countries
A first robustness check addresses a potential endogeneity concern arising from our weighting scheme that may put undue weight on exchange rate and equity returns when equity flows are especially high for a particular country. To address this concern, the model is re-estimated using alternative country weights for equity returns and exchange rate returns. More specifically, we use the MSCI World ex US and the MSCI Emerging markets indices for equity returns and the US Major currency and US Other important trading partner trade weighted exchange rate indices for exchange rate returns. 20 Using the weights from these two sources should alleviate endogeneity concerns, since the new weights are calculated independently of equity flows. For equity flows, the weighting scheme remains the same because they are simply aggregated for the AE and EME samples.
The results from this new weighting scheme show the same pattern as the baseline results.
One exception is that the distributions of the impulse responses in the AE and EME samples are now wider. In other words, the impulse responses from the two states overlap each other, and the medians from the two states lie in each other's 68% credible sets. This result can be attributed to the difference in the covered countries. The weights from the new indices cover a range of countries that are not included in our sample ; thus, some weighting bias is introduced, which can lead to a wider distribution.
A second approach to address the endogeneity concern is to use constant weights throughout the sample. Such an approach reduces endogeneity issues in that it no longer puts more weight on returns for some countries in certain months. The constant weighting scheme produces results comparable to our baseline results. As in the baseline specification from the previous section, the impulses responses from the constant weighting model yield distinguishable states between the high and low financial stress regimes.
selection is based on considering only the 7 largest AE and 4 largest EME countries in terms of gross equity in-and outflows. Again, the results from the reduced country sample are consistent with our baseline results. The estimated posterior probability of the states and the estimated impulse responses match the baseline results well. Though the 68% credible sets are not completely distinct for the EME sample, the median responses of flows in high stress periods lie outside the 68% credible set of responses of the low stress periods.
Choice of priors
A second robustness check is to consider how the MSVAR responds to different specifications of pri- The results from the restricted sample are in line with the baseline results presented in the previous section. This is true for the AE and the EME samples. The second regime state matches periods of high financial stress. As in the baseline results, the response of equity returns to exchange rate shocks is lower, and there is also a statistical significant separation of the 68% credible sets in the restricted EME sample. Further, equity flows respond less to price shocks in periods of high 21 In the notation of Sims, Waggoner and Zha (2008), the priors are defined as α11 = α22 = 12 and α12 = α21 = 2. 22 The hyperparameter λ1 was set to 0.9.
financial stress. Although this separation is less pronounced and the credible sets of responses in the two states coincide, the medians lie outside the credible set of the other state.
Conclusions
This paper studies time variation in the dynamics of equity returns, exchange rate returns, and international equity flows. We extend the analysis in Hau Our results suggest that models of portfolio rebalancing provide a good description of investor behavior for U.S. international capital flows. We also find that the estimated regimes match periods of low and high financial stress, as indicated by common risk measures. We therefore interpret the estimated regimes as reflecting low and high risk states. The empirical results for advanced economies show that the dynamics of equity returns, exchange rate returns, and equity flows are remarkably stable across periods of low and high stress. For emerging market economies, however, the stabilizing properties of portfolio rebalancing are weak in periods of high financial stress. This finding is in line with the theoretical predictions of portfolio rebalancing models, if periods of crisis are associated with increasing investor risk aversion or elevated return volatility. In addition, for emerging market economies, a switch towards a period of high financial stress is associated with equity outflows.
Our empirical findings have important policy implications for the role of equity flows in emerging market crises. Portfolio rebalancing tends to mitigate adverse shocks. For example, a negative equity return shock in emerging market economies leaves international investors holding too little emerging market equities in their portfolios, prompting equity flows into emerging market economies. These flows induce an emerging market currency appreciation and tend to dampen the equity price drop, thus mitigating the initial adverse shock. This mechanism relies on the assumptions that (1) the shock has not affected the expected returns and volatility of emerging market stocks and that (2) international investors are not completely hedged against the effects of such shocks. Our finding that rebalancing is considerably reduced in crisis periods for emerging markets implies that equity flows do not or to a lesser degree perform the stabilizing role that is implied by portfolio rebalancing 
A Generalized impulse responses
Let IRF j,t be the stacked impulse responses of different variables i as defined in equation (5) . Using the reduced form model described in equation (4) For periods after the effect, the system is allowed to switch between states. Consequently, the switching probabilities need to be included when calculating the conditional expectations. The k-period ahead impulse response is calculated as: 
B Responses to a regime switch
Let IRF sh,t+k be the stacked responses of different variables i to a switch from regime s to regime h in period t as defined in equation (7) . Using the reduced form model described in equation (4) 
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